Reaction kinetics in the Al-Ni system was investigated considering the fact that Al-Ni composites have been found as attractive candidates for a number of industrial sectors. Al-Ni composites were prepared by gas-assisted infiltration of either Ni rods or Ni powders with molten Al. Microstructural analysis revealed that various Ni aluminides were grown and their formation and the morphology at the interfacial zones can be effectively controlled by the time of infiltration. Furthermore, we pointed to the instability in the Al-Ni system that was caused by the presence of the pure Al metal. This could be completely abolished by the additional thermal treatment.
Introduction
The Ni aluminide intermetallics have been found as attractive candidates for a number of industrial sectors such as aerospace, automotive, and power generation industries. It is mainly due to their low density, high temperature stability and high strength to weight ratio [1, 2] . In addition, they exhibit excellent corrosion and oxidation resistance especially at the high temperatures. Fabrications of Ni aluminide structural materials have been carried out through a variety of processing methods, including investment casting, hot extrusion, rolling and forging [3] [4] [5] [6] . However, in the last two decades, a significant amount of work has been done on the reaction synthesis of Ni aluminides [7] [8] [9] that provides an attractive path to produce various intermetallic compounds. Reactive infiltration processing is one such reactive process, in which a melt is made to infiltrate and react with a preform to produce the desired compound [10] [11] [12] . This method has several advantages compared to powder-based approaches [14] including low processing temperature and short processing time. Nevertheless, this fabrication process has also some disadvantages including material porosity and limited process control [2, 15] .
Hence, in the present work we fabricated Al-Ni samples by the gas-assisted infiltration of either Ni rods or Ni powders with molten Al, to investigate the reaction kinetics in this specific Al-Ni system and to produce samples having the global homogeneity and integrity.
Experimental materials and methods
Al-Ni samples were prepared using the gas-assisted pressure infiltration by molten Al. The Ni rod was inserted into a graphite crucible (Fig. 1) , that was placed in an autoclave. Using the nitrogen pressure of 5 MPa molten Al was forced to penetrate through pores of graphite up to the Ni rod at 750 °C. Different exposure times ranging from 5 to 600 s were applied. Ni powder Metco 56C with particle size of < 56 µm was filled into a graphite crucible that was placed in an autoclave. Using the nitrogen pressure of 5 MPa molten Al was forced to penetrate through pores of graphite up to the Ni particles at 750 °C and mutual reaction took place ( Fig. 2a-2c ). Infiltration time of 120s was applied. Composite samples with the dimension of 4x4x8 mm 3 were used for linear thermal expansion measurements in the longitudinal direction.
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Obtained samples were subjected to three consequent heating and cooling cycles at the heating/cooling rate of 3 K.min -1 and in the temperature range from 30 o C to 600 o C in an argon atmosphere using Linseis L75VS 1600C dilatometer. Scanning electron microscopy (SEM) was used to examine the microstructure of samples and the energy-dispersive X-ray spectroscopy (EDX) was applied to identify the intermetallic phases formed.
3 Results and discussion 3.1 Reaction of the Ni rod with molten Al SEM microscopic analysis showed that the reaction between Ni rod and molten Al runs very quickly forming several intermetallic phases gradually grown with increasing the time of infiltration (Fig. 3) . (Fig. 4) . However, within the applied experimental conditions Al 3 Ni and Al 3 Ni 2 were predominantly formed [13] . NiAl and AlNi 3 phases appeared mostly in the form of thin layers. The phase formation occurred in a layer-by-layer manner. Our results clearly indicate that the formation of Al-Ni intermetallic phases and the morphology at the interfacial zones can be controlled by the time of infiltration. In addition, microhardness of phases located on the surface of Ni rod was determined (Fig. 5) . NiAl and Al 3 Ni intermetallic layers were significantly harder than the Ni substrate. A comparison of typical microhardness values is given in Fig. 5 . The rate of Ni rod dissolution in molten Al was observed to increase with increasing temperature of infiltration. The initial diameter of the Ni rod prior to infiltration was 3.5 mm. At 750°C the diameter of Ni rod decreased by 33.71% (Fig. 6) and at 900°C by 56.29% (Fig. 7) . It has been reported that the Ni metal exhibits high solubility in molten Al and this parameter is temperature dependent [6] . Our results strongly support this finding. The time of infiltration of Ni powder by molten Al was adjusted to 120s. During this process two intermetallic phases were formed. These are NiAl adjacent to the Ni powder and Al 3 Ni adjacent to Al (Fig. 8, 9 ). Pure Al was also detected in infiltrated samples. In our opinion this metal could be transformed into an additional intemetallic phase applying prolonged infiltration time.
As a further step, Al-Ni samples were subjected to three consequent heating and cooling cycles and relative elongations and coefficients of thermal expansion were determined. Apparently, after the first cycle the reaction between Al and Ni was not fully completed (Fig. 10) . EDX analysis of metallographic section clearly showed that the pure Al metal was still present in the samples The permanent elongation decreased substantially within subsequent cycles indicating that corresponding phase transformations were completed. After the following two heating/cooling cycles coefficient of thermal expansion remained practically the same (Fig.11) . It appeared that all pure Al was consumed and transformed to the new intermetallic phase after the Al-Ni samples had been annealed at 600°C during 3 hours. These results indicate that the Al-Ni reaction can be completed by additional thermal treatment. 
Conclusion
In our work, we attempted to advance our knowledge about the reaction kinetics in Al-Ni system considering the fact that Al-Ni composites appear as promising materials for automotive industry. We investigated time dependence of Ni aluminides formation after exposure of either Ni rod or Ni powder to molten Al. In both cases, similar Ni aluminide intermetallic phases were grown and our results clearly indicate that the formation of these Al-Ni intermetallics and the morphology at the interfacial zones can be effectively controlled by the time of infiltration. In addition, we pointed to the instability in the Al-Ni system that was caused by the presence of the pure Al metal. We found that this could be completely eliminated by additional thermal treatment. 
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